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(57) An exposure apparatus for transferring a pat-

tern formed on a mask to a substrate. The apparatus
comprises: a support mechanism having three support
legs (3), the three support legs being adapted to support
the support mechanism at only three points relative to
an installation surface for the exposure apparatus. An
illumination optical surface system (ILS) is provided on
the support mechanism to illuminate the mask having

the pattern formed thereon. In the apparatus, as viewed
in a vertical direction relative to the installation surface,
the three support legs (3) constitute three vertexes of a
triangle and the illumination optical system (ILS) is sub-
stantially symmetrical with respect to a straight line
drawn from one vertex (36) of the triangle toward the
middle point in one side of the triangle opposite the one
vertex (36).
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Description

The present invention relates to an exposure appa-
ratus for use in producing semiconductor devices and
liquid crystal displays.

In a photolithography process in the manufacture of
semiconductor devices and liquid crystal displays, a
projection exposure apparatus is used for forming a fine
circuit pattern on a semiconductor layer or a metallic wir-
ing layer. In the projection exposure apparatus, a reticle
or a photomask (hereinafter, frequently referred to sim-
ply as "reticle") having formed thereon a circuit pattern
is provided on a reticle stage, and a wafer stage having
provided thereon a semiconductor wafer or a glass sub-
strate (hereinafter, frequently referred to simply as "wa-
fer") with a photoresist coating is moved relative to the
reticle along an x-axis and a y-axis in a two-dimensional
plane, to thereby transfer the circuit pattern formed on
the reticle to a predetermined area on the wafer.

Types of exposure apparatuses can be roughly
classified as a projection exposure apparatus of a step
and repeat type in which a pattern on a reticle is project-
ed through a projection optical system as a reduced pat-
tern image and the reduced pattern image is formed on
each exposure field on a wafer, and a scanning projec-
tion exposure apparatus of a so-called step and scan
type in which a part of a pattern on a reticle is projected
through a projection optical system on a wafer while
moving the reticle and the wafer synchronously in pre-
determined scanning directions, to thereby transfer the
pattern on the reticle to the wafer.

In conventional exposure apparatuses, such as
mentioned above, main components of the exposure
apparatus, i.e., an illumination optical system, a mask
stage and a substrate stage, are supported relative to
an installation surface for the exposure apparatus by
four support legs. It is preferred that these components
be maintained precisely horizontally. However, it is ex-
tremely difficult to maintain these components of the ex-
posure apparatus on a horizontal plane by adjusting the
lengths of four support legs, so that dynamic stability of
the entire exposure apparatus is likely to be poor. Fur-
ther, the area of the installation surface for the exposure
apparatus, which is included within four support legs, is
relatively large.

In view of the above, the present invention has been
made. It is an object of the present invention to provide
an exposure apparatus which has an excellent dynamic
stability for exposure.

It is another object of the present invention to pro-
vide an exposure apparatus which can be easily adjust-
edforinstallation when flatness of an installation surface
for the exposure apparatus is poor.

It is still another object of the present invention to
provide an exposure apparatus in which a floor space
for installing the exposure apparatus per unit is small.

It is a further object of the present invention to pro-
vide a method suitable for supporting an illumination op-
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tical system used in the above-mentioned exposure ap-
paratus.

It is a still further object of the present invention to
provide an exposure method which is excellent in dy-
namic stability when applied to a scanning type expo-
sure method.

According to one embodiment of the present inven-
tion, there is provided an exposure apparatus for trans-
ferring a pattern of a mask to a substrate, comprising:

asupport mechanism having three support legs, the
three support legs being adapted to support the
support mechanism at three points relative to an in-
stallation surface for the exposure apparatus; and
an illumination optical system provided on the sup-
port mechanism to illuminate the mask having the
pattern,

wherein as viewed in a vertical direction relative to
the installation surface, the three support legs con-
stitute three vertexes of a triangle and the illumina-
tion optical system is substantially symmetrical with
respect to a straight line drawn from one vertex of
the triangle toward the middle point in one side of
the triangle, the one side of the triangle being op-
posite the one vertex.

According to another embodiment of the present in-
vention, there is provided an exposure apparatus com-
prising:

amask stage adapted to move while holding a mask
thereon, the mask having a pattern;

a substrate stage adapted to move while holding a
substrate thereon, the substrate being adapted to
have formed thereon an image of the pattern;

a scanning device adapted to move the mask stage
and the substrate stage synchronously in predeter-
mined scanning directions; and

asupport mechanism having three support legs, the
three support legs being adapted to support the
mask stage and the substrate stage at three points
relative to an installation surface for the exposure
apparatus,

wherein as viewed in a vertical direction relative to
the installation surface, the three support legs con-
stitute three vertexes of a triangle and the scanning
directions of the mask stage and the substrate
stage are substantially parallel to a straight line
drawn from one vertex of the triangle toward the
middle point in one side of the triangle, the one side
of the triangle being opposite the one vertex.

According to still another embodiment of the
present invention, there is provided an exposure appa-
ratus for transferring a pattern of a mask to a substrate,
comprising:

a substrate stage adapted to move, while holding
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the substrate thereon, in a two-dimensional plane
in one predetermined direction and a direction per-
pendicular to the one predetermined direction; and
a support mechanism having three support legs, the
three support legs being adapted to support the
substrate stage at three points relative to an instal-
lation surface for the exposure apparatus,

wherein as viewed in a vertical direction relative to
the installation surface, the three support legs con-
stitute three vertexes of a triangle and the one pre-
determined direction is substantially parallel to a
straight line drawn from one vertex of the triangle
toward the middle point in one side of the triangle,
the one side of the triangle being opposite the one
vertex.

According to a further embodiment of the present
invention, there is provided a method for supporting an
illumination optical system used in an exposure appa-
ratus relative to an installation surface for the exposure
apparatus, the illumination optical system having a cen-
tral axis, comprising:

supporting a support mechanism at three points by
three support legs, the support mechanism being
adapted to support the illumination optical system
and the three support legs being supported on the
installation surface; and

disposing the illumination optical system at a posi-
tion such that as viewed in a vertical direction rela-
tive to the installation surface, the central axis of the
illumination optical system is substantially coinci-
dent with a straight line drawn from one vertex of a
triangle determined by the three support legs to-
ward the middle point in one side of the triangle, the
one side of the triangle being opposite the one ver-
tex.

According to a still further embodiment of the
present invention, there is provided an exposure meth-
od comprising:

providing a mask stage adapted to move while hold-
ing a mask thereon, the mask having a pattern;
providing a substrate stage adapted to move while
holding a substrate thereon, the substrate being
adapted to have formed thereon an image of the
pattern; and

moving the mask stage and the substrate stage
synchronously in predetermined scanning direc-
tions, to thereby transfer the pattern on the mask to
the substrate,

wherein a support mechanism adapted to support
the mask stage and the substrate stage is support-
ed at three points by three support legs, the three
support legs being supported on an installation sur-
face for the exposure apparatus and the mask stage
and the substrate stage are disposed in a manner
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such that as viewed in a vertical direction relative to
the installation surface, the scanning directions of
the mask stage and the substrate stage are sub-
stantially parallel to a straight line drawn from one
vertex of a triangle determined by the three support
legs toward the middle point in one side of the tri-
angle, the one side of the triangle being opposite
the one vertex.

In the conventional exposure apparatus which is
supported as a whole at four points, cumbersome oper-
ations for adjusting the length of each support leg must
be conducted when the exposure apparatus is installed.
The exposure apparatus of the present invention is sup-
ported as a whole at three points, so that the exposure
apparatus can be easily adjusted to a datum plane.

When the exposure apparatus is supported as a
whole at three points by a mechanism, such as a kine-
matic mount, so as to improve stability of the exposure
apparatus, itis preferred that the illumination optical sys-
tem (ILS) which has a large weight be supported at a
plurality of support points, from the viewpoint of a bal-
ance of the entire exposure apparatus.

Especially, with respect to the projection exposure
apparatus of a step and scan type, it is desired that the
exposure apparatus have an excellent dynamic stability,
so that it is preferred that the exposure apparatus be
symmetrical with respect to the scanning directions of
the mask stage and the substrate stage. When the con-
ventional exposure apparatus is changed simply by uti-
lizing three support legs, instead of four support legs, in
order to ensure that the exposure apparatus is symmet-
rical with respect to the scanning directions of the mask
stage and the substrate stage, problems occur as men-
tioned below.

When one of the three support legs is disposed at
the front of the exposure apparatus facing a passage for
a conveying robot or the like, while the remaining two
support legs are disposed so that a side determined by
these two support legs is parallel to the passage, and a
wafer loader is disposed on the side of the front of the
exposure apparatus, due to the one support leg at the
front of the exposure apparatus, a wafer cannot be con-
veyed in a direct course from the wafer loader on the
side of the front of the exposure apparatus to the wafer
stage. That is, when a wafer loader and a reticle loader
are disposed on the side of the front of the exposure
apparatus, although wafers and reticles can be con-
veyed in a short period of time from the conveying robot
which has passed through the passage on the side of
the front of the exposure apparatus to the wafer loader
and the reticle loader, the support leg at the front of the
exposure apparatus disturbs conveyance of wafers
from the wafer loader to the wafer stage and convey-
ance of reticles from the reticle loader to the reticle
stage. Therefore, it is impossible to minimize a distance
for conveying wafers and reticles from the conveying ro-
bot to the wafer stage and the reticle stage. This leads
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to problems, such that the time period required for ex-
changing wafers between the wafer loader and the wa-
fer stage is prolonged and that the size of the exposure
apparatus becomes unnecessarily large due to a space
of no use within the exposure apparatus, so that the size
of a chamber accommodating the exposure apparatus
also becomes unnecessarily large. In the present inven-
tion, these problems are solved by disposing the wafer
loader adjacent to a lateral side of the exposure appa-
ratus.

Fig. 1 is a top view of an exposure apparatus ac-
cording to a first embodiment of the present invention.

Fig. 2 is a front view of an exposure apparatus ac-
cording to the first embodiment of the present invention.

Fig. 3 is a top view of an exposure apparatus ac-
cording to a second embodiment of the present inven-
tion.

Fig. 4 is a front view of an exposure apparatus ac-
cording to the second embodiment of the present inven-
tion.

Fig. 5 is a top view of a conventional exposure ap-
paratus.

Fig. 6 is a front view of a conventional exposure ap-
paratus.

Before explaining embodiments of the present in-
vention, for easy understanding of the present invention,
description is given below of a general construction of
a conventional projection exposure apparatus, espe-
cially a scanning projection exposure apparatus of a so-
called step and scan type, with reference to Figs. 5 and
6.

Fig. 5 shows a conventional projection exposure
apparatus viewed from above toward an installation sur-
face therefor. Fig. 6 shows a conventional projection ex-
posure apparatus viewed from a front thereof. The "front
of the projection exposure apparatus" herein means a
side of the projection exposure apparatus facing a pas-
sage for a conveying robot or the like for conveying a
plurality of wafers to a substrate-conveying apparatus
(hereinafter, referred to simply as "wafer loader"), which
is adjacent to the projection exposure apparatus in a
clean room. The conveying robot passes through the
passage to the wafer loader and supplies the wafers to
the wafer loader.

As shown in Figs. 5 and 6, in the conventional pro-
jection exposure apparatus, support legs (hereinafter,
referred to as "apparatus-supporting legs") 10a, 10b,
10c and 10d support an apparatus-supporting member
10 relative to the installation surface. The apparatus-
supporting member 10 supports an entire projection ex-
posure apparatus comprising, as main components, an
illumination optical system ILS, a projection optical sys-
tem PL, a reticle stage RST and a wafer stage WST,
which are described later. A frame portion (hereinafter,
referred to simply as "frame") of the apparatus-support-
ing member 10 has a rectangular form as viewed from
its top. The apparatus-supporting legs 10a, 10b, 10c
and 10d are connected to four corner portions of the
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frame of the rectangular form.

In each of Figs. 5 and 6, a coordinate system xyz is
defined by an x-axis which is parallel to long sides of the
rectangular form of the frame of the apparatus-support-
ing member 10, a y-axis which is horizontal and perpen-
dicular to the x-axis and a z-axis which is vertical relative
to an x-y plane defined by the x-axis and the y-axis. In
this example, the front of the projection exposure appa-
ratus is a visible side when the projection exposure ap-
paratus is viewed in a plus direction of the y-axis. The
passage for the conveying robot is provided along the
x-axis. Therefore, in a rectangle determined by the ap-
paratus-supporting legs 10a, 10b, 10c and 10d, two
short sides determined by the apparatus-supporting
legs 10a and 10d and the apparatus-supporting legs
10b and 10c, respectively, are parallel to the y-axis, and
two long sides determined by the apparatus-supporting
legs 10a and 10b and the apparatus-supporting legs 10c
and 10d, respectively, are parallel to the x-axis.

Four support legs for the illumination optical system
(hereinafter, referred to simply as "ILS-supporting legs")
12a, 12b, 12c and 12d are fixed at their respective ends
on the apparatus-supporting member 10. As shown in
Fig. 5, the respective fixed ends of the ILS-supporting
legs 12a, 12b, 12¢ and 12d on the apparatus-supporting
member 10 constitute four corners of a rectangle. Each
of the ILS-supporting legs 12a, 12b, 12¢ and 12d ex-
tends along the z-axis and supports an illumination op-
tical system-supporting member (hereinafter, referred to
simply as "ILS-supporting member") 12. A frame of the
ILS-supporting member 12 has a rectangular form as
viewed from its top and the ILS-supporting legs 12a,
12b, 12¢ and 12d are connected to four corners of the
frame of the rectangular form. The ILS-supporting mem-
ber 12 supports the illumination optical system ILS. In
the rectangle determined by the ILS-supporting legs
12a, 12b, 12c and 12d, two short sides determined by
the ILS-supporting legs 12a and 12d and the ILS-sup-
porting legs 12b and 12c, respectively, are parallel to
the y-axis, and two long sides determined by the ILS-
supporting legs 12a and 12b and the ILS-supporting
legs 12c and 12d, respectively, are parallel to the x-axis.
When the projection exposure apparatus is viewed as
a whole, the illumination optical system ILS is disposed
at the highest position relative to the installation surface.
An illumination light source and an optical system for
obtaining desired illumination light (not shown in the
drawings) which extend along the y-axis are provided in
the illumination optical system ILS.

Four support legs for the reticle stage (hereinafter,
referred to simply as "RST-supporting legs") 14a, 14b,
14c and 14d are fixed at their respective ends on the
apparatus-supporting member 10 inside the rectangle
determined by the ILS-supporting legs 12a, 12b, 12¢
and 12d. As shown in Fig. 5, the respective fixed ends
of the RST-supporting legs 14a, 14b, 14c and 14d on
the apparatus-supporting member 10 constitute four
corners of a rectangle. Each of the RST-supporting legs
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14a, 14b, 14c and 14d extends along the z-axis and sup-
ports a reticle stage-supportingmember (hereinafter, re-
ferred to simply as "RST-supporting member") 14.

A frame of the RST-supporting member 14 has a
rectangular form as viewed from its top and the RST-
supporting legs 14a, 14b, 14c and 14d are connected
to four corners of the rectangular frame. In the rectangle
determined by the RST-supporting legs 14a, 14b, 14c
and 14d, two short sides determined by the RST-sup-
porting legs 14a and 14d and the RST-supporting legs
14b and 14c, respectively, are parallel to the y-axis, and
two long sides determined by the RST-supporting legs
14a and 14b and the RST-supporting legs 14c and 14d,
respectively, are parallel tothe x-axis. The RST-support-
ing member 14 supports the reticle stage RST. The ret-
icle stage RST is adapted to move in the x-y plane while
having a reticle (not shown in the drawings) provided
thereon. During exposure by a so-called step and scan
type method, the reticle stage RST is moved along the
y-axis. The reticle has formed thereon a predetermined
circuit pattern.

The projection optical system PL is provided below
the RST-supporting member 14. The projection optical
system PL has an optical axis along the z-axis and is
supported on the apparatus-supporting member 10.
The circuit pattern formed on the reticle provided on the
reticle stage RST on the RST-supporting member 14 is
illuminated with illumination light from the illumination
optical system ILS. The illumination light passes through
the reticle and is collected by the projection optical sys-
tem PL. An image of the circuit pattern on the reticle is
formed on an image plane of the projection optical sys-
tem PL.

The wafer stage WST is supported on a wafer
stage-supporting member (hereinafter, referred to sim-
ply as "WST-supporting member") 8. The wafer stage
WST is adapted to move in the x-y plane while having
a wafer in a state such that a surface of the wafer coin-
cides with the above-mentioned image plane of the pro-
jection optical system PL. The WST-supporting member
8 is provided below the apparatus-supporting member
10 and supported by the apparatus-supporting legs 10a,
10b, 10c and 10d. During exposure by the step and scan
type method, the wafer stage WST is moved along the
y-axis synchronously with movement of the reticle stage
RST.

A wafer loader WL is disposed adjacent to the front
of the projection exposure apparatus. The wafer loader
WL takes out a plurality of wafers successively from a
wafer library and conveys each wafer to a wafer holder
(not shown in the drawings) on the wafer stage WST.
The projection exposure apparatus, together with the
wafer loader WL, is accommodated in a rectangular par-
allelepiped chamber 20 which is thermostatic.

As has been described above, in the conventional
exposure apparatus, each of the apparatus-supporting
member 10, the RST-supporting member 14, the ILS-
supporting member 12 and the WST-supporting mem-
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ber 8 is supported at four points by four support legs, to
thereby support the main components of the exposure
apparatus. In this exposure apparatus, the projection
optical system PL is disposed at a position as close to
the center (center of gravity) of the exposure apparatus
as possible and, in order to move the reticle and the wa-
fer in the x-y plane, especially along the y-axis synchro-
nously, a drive shaft for each of the reticle stage RST
andthe wafer stage WST is determined as being parallel
to a lateral direction or a longitudinal direction of the ex-
posure apparatus, i.e., a direction of the x-axis or a di-
rection of the y-axis in the coordinate system xyz in Figs.
5 and 6. Further, auxiliary machines for the illumination
optical system ILS and various devices are disposed,
such that their long sides are parallel to or perpendicular
to the longitudinal direction of the exposure apparatus,
that is, a direction of the y-axis. By the above-mentioned
arrangement, the dynamic stability of the exposure ap-
paratus is improved, so that the exposure apparatus is
capable of withstanding tilting and vibration thereof due
to movement of the reticle stage RST and wafer stage
WST during exposure and hence, exposure is effected
with high precision.

However, when each of the main components in the
exposure apparatus, such as the illumination optical
system ILS, the projection optical system PL, the reticle
stage RST and the wafer stage WST, is supported at
four points as mentioned above, a problem occurs, such
that it is difficult to stably support these components
when the installation surface is not a satisfactorily flat
surface, because it is difficult to determine a single plane
by four support points. Therefore, in orderto avoid a low-
ering of dynamic and static stability of the exposure ap-
paratus due to poor flatness of the installation surface,
it is necessary to carry out cumbersome operations to
adjust the length of each support leg to an optimum
length when the exposure apparatus is installed, to
thereby adjust the exposure apparatus to a datum
plane.

Further, when the above-mentioned conventional
exposure apparatus is employed, a number of exposure
apparatuses are installed in a single clean room, so that
it is desired that a floor space for installing the exposure
apparatus per unit be small, from the viewpoint of costs.
However, a chamber in which the conventional expo-
sure apparatuses and the wafer loaders are accommo-
dated must have an area which is slightly larger than the
total area of the exposure apparatuses and the wafer
loaders, in consideration of a working space for mainte-
nance by an operator. Thus, it is difficult to reduce the
floor space for installing the exposure apparatus.

Next, an exposure apparatus according to a first
embodiment of the present invention is described, with
reference to Figs. 1 and 2. Fig. 1 shows the exposure
apparatus in this embodiment, viewed from above to-
ward an installation surface therefor. Fig. 2 shows the
exposure apparatus in this embodiment, viewed from a
front thereof. In the first embodiment of the present in-
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vention, the "front of the exposure apparatus" means a
side of the exposure apparatus facing a passage for al-
lowing a conveying robot or the like to pass therethrough
to a wafer loader adjacent to the exposure apparatus in
aclean room and supply a plurality of wafers to the wafer
loader. The exposure apparatus in this embodiment is
a scanning projection exposure apparatus of a step and
scan type in which a part of a pattern on a reticle is pro-
jected through a projection optical system onto a wafer
while moving the reticle and the wafer synchronously,
to thereby transfer the pattern on the reticle to the wafer.

As shown in Figs. 1 and 2, in the projection expo-
sure apparatus according to the first embodiment of the
present invention, an apparatus-supporting member 3
is supported relative to the installation surface at three
points by apparatus-supporting legs 3a, 3b and 3c. The
apparatus-supporting member 3 supports an entire pro-
jection exposure apparatus comprising, as main com-
ponents, an illumination optical system ILS, a projection
optical system PL, a reticle stage RST and a wafer stage
WST, which are described later. A control device 1 is
employed to control the entire projection exposure ap-
paratus, especially, to move the reticle stage RST and
the wafer stage WST synchronously in opposite direc-
tions (the plus and minus directions of the y-axis). A
frame of the apparatus-supporting member 3 has a sub-
stantially isosceles triangular form as viewed from its
top, and the apparatus-supporting legs 3a, 3b and 3c
are connected to three corner portions of the frame of
the substantially isosceles triangular form.

Each of the apparatus-supporting legs 3a, 3b and
3c has a horizontal cross-section in a substantially
square form, and the corner portion of the frame of the
apparatus-supporting member 3 is a portion which is cut
along one side of the substantially square form of the
horizontal cross-section of each of the apparatus-sup-
porting legs 3a, 3b and 3c. Therefore, accurately, the
frame of the apparatus-supporting member 3 has a hex-
agonal form as viewed from its top, as shown in Fig. 1.
However, in order to make the present invention to be
easily understood by simple explanation, in the following
description, it is assumed that the frame of the appara-
tus-supporting member 3 has an isosceles triangular
form as viewed from its top. As shown in Fig. 1, a base
of the isosceles triangular form of the frame of the ap-
paratus-supporting member 3 is defined by the appara-
tus-supporting legs 3a and 3c. The vertex opposite the
base is constituted by the apparatus-supporting leg 3b.
The side determined by the apparatus-supporting legs
3a and 3b and the side determined by the apparatus-
supporting legs 3b and 3c are equal in length.

In each of Fig. 1 and Fig. 2, a coordinate system
xyz is defined by an x-axis which is parallel to one side
of the isosceles triangular form of the frame of the ap-
paratus-supporting member 3, ay-axis which is horizon-
tal and perpendicular to the x-axis and a z-axis which is
vertical relative to an x-y plane defined by the x-axis and
the y-axis. In the first embodiment of the present inven-
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tion, the front of the exposure apparatus is a visible side
when the exposure apparatus is viewed from the appa-
ratus-supporting leg 3b in the plus direction of the y-axis.
The passage for the conveying robot is provided along
the x-axis and on the side in the minus direction of the
y-axis relative to the apparatus-supporting leg 3b. Thus,
in the exposure apparatus in the first embodiment, the
base of the isosceles triangular form, which is defined
by the apparatus-supporting legs 3a and 3c, is parallel
to the x-axis.

ILS-supporting legs 4a, 4b and 4c are fixed at their
respective ends on the apparatus-supporting member
3 in line with or spaced inwardly from the axes of the
apparatus-supporting legs 3a, 3b and 3c. The respec-
tive fixed ends of the ILS-supporting legs 4a, 4b and 4c
on the apparatus-supporting member 3 constitute three
vertexes of an isosceles triangle. Each of the ILS-sup-
porting legs 4a, 4b and 4¢ extends along the z-axis and
supports an ILS-supporting member 4. A frame of the
ILS-supporting member 4 has a substantially isosceles
triangular form as viewed from its top, and the ILS-sup-
porting legs 4a, 4b and 4¢ are connected to three corner
portions of the substantially isosceles triangular form of
the frame. Accurately, the frame of the ILS-supporting
member 4 has a hexagonal form for the same reasons
as mentioned above in connection with the frame of the
apparatus-supporting member 3. However, for easy un-
derstanding of the present invention, it is assumed that
the ILS-supporting member 4 has an isosceles triangu-
lar form as viewed from its top. The ILS-supporting
member 4 supports the illumination optical system ILS.

In the isosceles triangle determined by the ILS-sup-
porting legs 4a, 4b and 4c, a base defined by the ILS-
supporting legs 4a and 4c¢ is parallel to the x-axis, and
the ILS-supporting leg 4b constituting one vertex oppo-
site the base is located at the front of the exposure ap-
paratus. When the exposure apparatus is viewed as a
whole, the illumination optical system ILS is disposed at
the highest position relative to the installation surface.
As viewed in a direction of the z-axis (i.e., a vertical di-
rection relative to the installation surface), the illumina-
tion optical system ILS is disposed at a position such
that it is substantially symmetrical with respect to a
straight line drawn from the ILS-supporting leg 4b which
constitutes one vertex of the isosceles triangle (deter-
mined by the ILS-supporting legs 4a, 4b and 4c) toward
the middle point between the ILS-supporting legs 4a and
4c defining the base of the isosceles triangle as a side
opposite the one vertex constituted by the ILS-support-
ing leg 4b.

Three RST-supporting legs 6a, 6b and 6¢ are fixed
at their respective ends on the apparatus-supporting
member 3 inside the isosceles triangle determined by
the ILS-supporting legs 4a, 4b and 4c. As shown in Fig.
1, the respective fixed ends of the RST-supporting legs
6a, 6b and 6¢c on the apparatus-supporting member 3
constitute three vertexes of an isosceles triangle. Each
of the RST-supporting legs 6a, 6b and 6c extends along
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the z-axis and supports an RST-supporting member 6.
A frame of the RST-supporting member 6 has an isos-
celes triangular form as viewed from its top and the RST-
supporting legs 6a, 6b and 6¢ are connected to three
vertexes of the isosceles triangular form of the frame.
Accurately, the frame of the RST-supporting member 6
has a hexagonal form for the same reasons as men-
tioned above in connection with the frame of the appa-
ratus-supporting member 3. However, for easy under-
standing of the present invention, it is assumed that the
frame of the RST-supportingmember 6 has an isosceles
triangular form as viewed from its top. In the isosceles
triangle determined by the RST-supporting legs 6a, 6b
and 6c¢, a base defined by RST-supporting legs 6a and
6¢ is parallel to the x-axis. The RST-supporting member
6 supports the reticle stage RST. The reticle stage RST
is adapted to move in the x-y plane while having a reticle
(not shown in the drawings) provided thereon. During
exposure by the step and scan type method, the reticle
stage RST is moved in the plus direction of the y-axis.

That is, as viewed in a direction of the z-axis (i.e.,
a vertical direction relative to the installation surface),
the scanning direction of the reticle stage RST is sub-
stantially parallel to a straight line drawn from one vertex
of the isosceles triangle determined by the three support
legs supporting the RST-supporting member toward the
middle point in a side opposite the vertex.

The projection optical system PL is provided below
the RST-supporting member 6. The projection optical
system PL has an optical axis along the z-axis and is
supported on the apparatus-supporting member 3. The
circuit pattern formed on the reticle provided on the ret-
icle stage RST on the RST-supporting member 6 is illu-
minated with illumination light from the illumination op-
tical system ILS. The illumination light passes through
the reticle and is collected by the projection optical sys-
tem PL. An image of the circuit pattern on the reticle is
formed on an imaging plane of the projection optical sys-
tem PL.

The wafer stage WST is supported on a WST-sup-
porting member 8. The wafer stage WST is adapted to
move in the x-y plane while having a wafer in a state
such that a surface of the wafer coincides with the
above-mentioned imaging plane of the projection optical
system PL. The WST-supporting member 8 is provided
below the apparatus-supporting member 3 and support-
ed by the apparatus-supporting legs 3a, 3b and 3c. Dur-
ing exposure by the step and scan type method, the wa-
fer stage WST is moved in the minus direction of the y-
axis synchronously with movement of the reticle stage
RST. That is, as viewed in a direction of the z-axis (i.e.,
a vertical direction relative to the installation surface),
the scanning direction of the wafer stage WST is sub-
stantially parallel to a straight line drawn from one vertex
of the isosceles of the triangle determined by the three
support legs supporting the WST-supporting member
toward the middle point in a side opposite the vertex.

A wafer loader WL is disposed adjacent to one side
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determined by the apparatus-supporting legs 3b and 3¢
on the right side of the exposure apparatus in Figs. 1
and 2. That is, the wafer loader WL for loading and un-
loading a wafer with respect to the wafer stage WST is
disposed along one side of the isosceles triangle deter-
mined by three support legs, as viewed in a vertical di-
rection relative to the installation surface. The projection
exposure apparatus, together with the wafer loader WL,
is accommodated in a chamber 20 which is thermostat-
ic.

As has been described above, the exposure appa-
ratus in the first embodiment of the present invention is
supported as a whole at three points. Therefore, differ-
ing from the conventional exposure apparatus which is
supported as a whole at four points, wherein cumber-
some operations for adjustment of the length of each
support leg must be conducted when the exposure ap-
paratus is installed, the exposure apparatus in this em-
bodiment of the present invention can be easily adjusted
to a datum plane.

In the exposure apparatus in the first embodiment
of the present invention, the wafer stage WST and the
reticle stage RST are moved along the x-axis and the y-
axis shown in Figs. 1 and 2. The illumination optical sys-
tem ILS, which has a large weight and is provided at the
highest position in the exposure apparatus, is symmet-
rical with respect to the y-axis along which the wafer
stage WST and the reticle stage RST are moved syn-
chronously during exposure, and is stably supported by
two support legs. More particularly, as shown in Fig. 1,
the illumination optical system ILS is an elongated struc-
ture which extends from a central portion of the isosce-
les triangle determined by three support legs (support-
ing the ILS-supporting member at three support points)
across one side of the isosceles triangle. Although the
center of gravity of the illumination optical system ILS is
shifted toward one side across which the illumination op-
tical system ILS extends, the weight of a portion of the
illumination optical system ILS around that side of the
isosceles triangle is satisfactorily stably supported by
two support legs. Further, the exposure apparatus as a
whole is symmetrical with respect to the y-axis along
which the wafer stage WST and the reticle stage RST
are moved synchronously during exposure, so that the
exposure apparatus has an excellent ability to withstand
vibration thereof due to movement of the wafer stage
WST and the reticle stage RST during exposure. The
wafer loader WL is not symmetrical with respect to the
y-axis at its position. However, because the wafer loader
WL can be provided separately from the exposure ap-
paratus, it is possible to prevent the wafer loader WL
from adversely affecting the stability of the exposure ap-
paratus.

By the arrangement in the first embodiment of the
present invention, a distance between the wafer loader
WL and the wafer stage WST is small, so that it has be-
come possible to effectively utilize a space within the
exposure apparatus and hence, an improvement in per-
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formance of the exposure apparatus and reduction in
the floor space for installing the exposure apparatus can
be achieved.

Hereinbelow, an exposure apparatus according to
a second embodiment of the present invention is de-
scribed, with reference to Figs. 3 and 4. Fig. 3 shows
the exposure apparatus in this embodiment, viewed
from above toward an installation surface therefor. Fig.
4 shows the exposure apparatus in this embodiment,
viewed from a front thereof.

In the second embodiment of the present invention,
the "front of the exposure apparatus" means a side of
the exposure apparatus facing a passage for allowing a
conveying robot or the like to pass therethrough to a wa-
fer loader adjacent to the exposure apparatus in a clean
room and supply a plurality of wafers to the wafer loader.
The exposure apparatus in this embodiment is of the
same type as that of the exposure apparatus in the first
embodiment, that is, a scanning projection exposure ap-
paratus of a step and scan type. In the second embod-
iment of the present invention, the members and por-
tions of the exposure apparatus have the same function
and effects as those in the first embodiment of the
present invention. Therefore, in Figs. 3 and 4, the mem-
bers and portions of the exposure apparatus are denot-
ed by the same reference numerals as used in the first
embodiment of the present invention and descriptions
of those members and portions are omitted to avoid
overlapping.

In the second embodiment of the present invention,
as shown in each of Fig. 3 and Fig. 4, the same coordi-
nate system xyz as used in the first embodiment of the
present invention is employed, that is, the coordinate
system defined by an x-axis which is parallel to one side
of the isosceles triangular form of the frame of the ap-
paratus-supporting member 3, ay-axis which is horizon-
tal and perpendicular to the x-axis and a z-axis which is
vertical relative to an x-y plane defined by the x-axis and
the y-axis. However, in the second embodiment of the
present invention, the coordinate system xyz is rotated
about the z-axis at a predetermined angle. Therefore,
in the second embodiment, the front of the exposure ap-
paratus corresponds to a side determined by the appa-
ratus-supporting legs 3a and 3b, and the passage for
the conveying robot is provided in parallel to the side
determined by the apparatus-supporting legs 3a and 3b.

As viewed in a direction of the z-axis (i.e., a vertical
direction relative to the installation surface) in the
above-mentioned coordinate system xyz, the illumina-
tion optical system ILS is disposed at a position such
that it is substantially symmetrical with respect to a
straight line drawn from the ILS-supporting leg 4b which
constitutes one vertex of the isosceles triangle (deter-
mined by the ILS-supporting legs 4a, 4b and 4c) toward
the middle point between the ILS-supporting legs 4a and
4c determining the base of the isosceles triangle, i.e., a
side opposite the vertex constituted by the ILS-support-
ing leg 4b.
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The reticle stage RST is adapted to move in the x-
y plane while having a reticle (not shown in the draw-
ings) provided thereon. During exposure by the step and
scan type method, the reticle stage RST is moved in a
direction of the y-axis. That is, as viewed in a direction
of the z-axis (i.e., a vertical direction relative to the in-
stallation surface), the scanning direction of the reticle
stage RST is substantially parallel to a straight line
drawn from one vertex of the isosceles triangle deter-
mined by the three support legs supporting the RST-
supporting member toward the middle point in a side op-
posite the vertex.

With respect to the wafer stage WST, during expo-
sure by the step and scan type method, the wafer stage
WST is moved in a direction of the y-axis synchronously
with movement of the reticle stage RST. That is, as
viewed in a direction of the z-axis (i.e., a vertical direc-
tion relative to the installation surface), the scanning di-
rection of the wafer stage WST is substantially parallel
to a straight line drawn from one vertex of the isosceles
triangle determined by the three support legs supporting
the WST-supporting member toward the middle point in
a side opposite the vertex.

A wafer loader WL is disposed adjacent to the side
determined by the apparatus-supporting legs 3a and 3b
at the front of the exposure apparatus, as shown in Fig.
3. Thatis, the wafer loader WL for loading and unloading
a wafer with respect to the wafer stage WST is disposed
along one side of the isosceles triangle determined by
three support legs, as viewed in a vertical direction rel-
ative to the installation surface. The projection exposure
apparatus, together with the wafer loader WL, is accom-
modated in a chamber 20 which is thermostatic. One
wall surface of the chamber 20 is disposed in parallel to
one side of the isosceles triangle determined by the ap-
paratus-supporting legs 3a, 3b and 3¢, along which the
wafer loader WL is disposed.

In the exposure apparatus in the second embodi-
ment of the present invention, the illumination optical
system ILS, which has a large weight and is provided at
the highest position in the exposure apparatus, is sym-
metrical with respect to the y-axis along which the wafer
stage WST and the reticle stage RST are moved syn-
chronously during exposure, and is stably supported by
two support legs. Further, the exposure apparatus is
symmetrical as a whole with respect to the y-axis along
which the wafer stage WST and the reticle stage RST
are moved synchronously during exposure, so that the
exposure apparatus has an excellent ability to withstand
vibration thereof due to movement of the wafer stage
WST and the reticle stage RST during exposure. The
wafer loader WL is not symmetrical with respect to the
y-axis at its position. However, because the wafer loader
WL can be provided separately from the exposure ap-
paratus, it is possible to prevent the wafer loader WL
from adversely affecting the stability of the exposure ap-
paratus.

Further, as shown in Figs. 3 and 4, in the exposure
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apparatus in the second embodiment of the present in-
vention, the exposure apparatus is rotated about the z-
axis at a predetermined angle relative to the exposure
apparatus in the first embodiment of the present inven-
tion. In the first embodiment of the present invention,
problems are likely to occur, such that the position of an
interface between the wafer loader and a wafer coater/
a wafer developer in a production line is limited to one
side of the exposure apparatus (e.g., the right side in
Fig. 1), leading to a lack of flexibility in arrangement of
the production line, and that when a plurality of exposure
apparatuses are employed, accessibility of the expo-
sure apparatuses is poor. The exposure apparatus in
the second embodiment of the present invention is free
from these problems.

By the arrangement in the second embodiment of
the present invention, as in the case of the first embod-
iment of the present invention, a distance between the
wafer loader WL and the wafer stage WST is small, so
that it has become possible to effectively utilize a space
within the exposure apparatus and hence, an improve-
ment in performance of the exposure apparatus and re-
duction in the floor space for installing the exposure ap-
paratus can be achieved. Further, in the second embod-
iment of the present invention, the illumination optical
system ILS, which protrudes backward in the conven-
tional exposure apparatus, is disposed obliquely relative
to the front of the exposure apparatus, so that the length
of the entire exposure apparatus can be reduced. Fur-
ther, in the exposure apparatus in the second embodi-
ment of the present invention, the wafer loader WL can
be disposed adjacent to the front of the exposure appa-
ratus as in the conventional exposure apparatus. There-
fore, flexibility in installing the exposure apparatus can
be ensured. In addition, symmetry of the exposure ap-
paratus can be maintained, so that the exposure appa-
ratus has an excellent dynamic stability.

The present invention is not limited to the above-
mentioned embodiments. Various modifications are
possible, as long as they fall within the scope of the
present invention defined in the appended claims. In the
above-mentioned embodiments, the present invention
is applied to a scanning project exposure apparatus of
a so-called step and scan type. However, the present
invention may be applied to a projection exposure ap-
paratus of a so-called step and repeat type in which a
pattern on a reticle is projected through a projection op-
tical system as a reduced pattern image and the re-
duced pattern image is formed on each shot area on a
wafer.

When the present invention is applied to the above-
mentioned projection exposure apparatus of a step and
repeat type, the exposure apparatus of the present in-
vention is an exposure apparatus which comprises an
illumination optical system ILS for illuminating a reticle,
areticle stage RST for holding thereon the reticle, a pro-
jection optical system PL for projecting therethrough a
pattern on the reticle and a wafer stage WST for holding
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thereon a wafer, which is adapted to move along an x-
axis and a y-axis in a two-dimensional plane so as to
position the wafer at an imaging position of the pattern,
and is supported as a whole relative to an installation
surface at three points by three support legs, wherein
as viewed in a vertical direction relative to the installa-
tion surface, either of the x-axis and the y-axis with re-
spect to the wafer stage WST is parallel to a straight line
drawn from one vertex of a triangle determined by the
three support legs toward the middle point in a side op-
posite the vertex.

In the above-mentioned embodiments, the three
support legs determine an isosceles triangle. However,
inthe present invention, the support legs may determine
a triangle other than an isosceles triangle.

Claims

1. An exposure apparatus for transferring a pattern of
a mask to a substrate, comprising:

a support mechanism having three support
legs, said three support legs being adapted to
support said support mechanism at only three
points relative to an installation surface for said
exposure apparatus; and

an illumination optical system provided on said
support mechanism to illuminate said mask
having the pattern,

wherein as viewed in avertical direction relative
to said installation surface, said three support
legs constitute three vertexes of a triangle and
said illumination optical system is substantially
symmetrical with respect to a straight line
drawn from one vertex of said triangle toward
the middle point in one side of said triangle, said
one side of the triangle being opposite said one
vertex.

2. An exposure apparatus according to claim 1,
wherein said illumination optical system extends
from a central portion of said triangle across said
one side of the triangle.

3. An exposure apparatus according to claim 1,
wherein said supporting mechanism comprises:

an apparatus-supporting member having a
frame;

first three support legs which support said
frame of the apparatus-supporting member at
three points;

an illumination optical system-supporting mem-
ber having a frame and adapted to support said
illumination optical system; and

second three support legs fixed to said frame
of the apparatus-supporting member to support
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said frame of the illumination optical system-
supporting member at three points,

wherein said first support legs determine a first
triangle and said second support legs deter-
mine a second triangle, and the sides of said
first triangle and the corresponding sides of
said second triangle are parallel to each other.

4. Anexposure apparatus according to claim 3, further

comprising:

a mask stage adapted to support said mask;
and

a substrate stage adapted to support said sub-
strate,

wherein said support mechanism further com-
prises:

a mask stage-supporting member having a
frame and adapted to support said mask stage;
and

third three support legs which support said
frame of the mask-supporting member at three
points on said frame of the apparatus-support-
ingmember and wherein said third support legs
determine a third triangle and the sides of said
first triangle and the corresponding sides of
said third triangle are parallel to each other.

An exposure apparatus according to claim 1,
wherein said support mechanism further supports
a substrate stage and as viewed in a vertical direc-
tion relative to said installation surface, a substrate-
conveying apparatus for loading said substrate onto
said substrate stage and unloading said substrate
from said substrate stage is disposed along one
side of said triangle determined by the three support
legs.

An exposure apparatus according to claim 5,
wherein a chamber is provided on said installation
surface to accommodate said exposure apparatus
and one wall surface of said chamber is substan-
tially parallel to said one side of the triangle along
which said substrate-conveying apparatus is dis-
posed.

An exposure apparatus comprising:

a mask stage adapted to move while holding a
mask thereon, said mask having a pattern;

a substrate stage positioned to move while
holding a substrate thereon, said substrate be-
ing positioned to have formed thereon an image
of said pattern;

a scanning device connected to said mask
stage and substrate stage to move said mask
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10.

11.

12.

stage and said substrate stage synchronously
in predetermined scanning directions; and

a support mechanism having three support
legs, said three support legs being adapted to
support said mask stage and said substrate
stage at only three points relative to an instal-
lation surface for said exposure apparatus,
wherein as viewed in avertical direction relative
to said installation surface, said three support
legs constitute three vertexes of a triangle and
said scanning directions of the mask stage and
the substrate stage are substantially parallel to
a straight line drawn from one vertex of said tri-
angle toward the middle point in one side of said
triangle, said one side of the triangle being op-
posite said one vertex.

An exposure apparatus according to claim 7,
wherein said support mechanism further supports
an illumination optical system and said illumination
optical system is disposed at a position such that
as viewed in a vertical direction relative to said in-
stallation surface, said illumination optical system
is substantially symmetrical with respect to said
straight line drawn from one vertex of said triangle
determined by the three support legs toward the
middle point in the opposite side of said triangle.

An exposure apparatus according to claim 8,
wherein said illumination optical system extends
from a central portion of said triangle across said
one side of the triangle.

An exposure apparatus according to claim 7,
wherein as viewed in a vertical direction relative to
said installation surface, a substrate-conveying ap-
paratus for loading said substrate onto said sub-
strate stage and unloading said substrate from said
substrate stage is disposed along one side of said
triangle determined by the three support legs.

An exposure apparatus according to claim 10,
wherein a chamber is provided on said installation
surface to accommodate said exposure apparatus
and one wall surface of said chamber is substan-
tially parallel to said one side of the triangle along
which said substrate-conveying apparatus is dis-
posed.

An exposure apparatus for transferring a pattern of
a mask to a substrate, comprising:

a substrate stage adapted to move, while hold-
ing said substrate thereon, in a two-dimension-
al plane in one predetermined direction and a
direction perpendicular to said one predeter-
mined direction; and

a support mechanism having three support
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legs, said three support legs being adapted to
support said substrate stage at only three
points relative to an installation surface for said
exposure apparatus,

wherein as viewed in a vertical direction relative
to said installation surface, said three support
legs constitute three vertexes of a triangle and
said one predetermined direction is substantial-
ly parallel to a straight line drawn from one ver-
tex of said triangle toward the middle point in
one side of said triangle, said one side of said
triangle being opposite said one vertex.

An exposure apparatus according to claim 12, fur-
ther comprising a mask stage adapted to move,
while holding said mask thereon, in a two-dimen-
sional plane in one direction parallel to said one pre-
determined direction of movement of the substrate
stage and a direction perpendicular to said one di-
rection,

wherein said support mechanism comprises:

an apparatus-supporting member having a
frame;

first three support legs which support said
frame of the apparatus-supporting member at
three points;

a substrate stage-supporting member fixed to
said first support legs to support said substrate
stage;

a mask stage-supporting member having a
frame and adapted to support said mask stage;
and

third three support legs which connect said
frame of the apparatus-supporting memberand
said frame of the mask stage-supporting mem-
ber, and

wherein said first support legs determine a first
triangle and said third support legs determine
a third triangle, and the sides of said first trian-
gle and the corresponding sides of said third
triangle are parallel to each other.

An exposure apparatus according to claim 12,
wherein as viewed in a vertical direction relative to
said installation surface, a substrate-conveying ap-
paratus for loading said substrate onto said sub-
strate stage and unloading said substrate from said
substrate stage is disposed along one side of said
triangle determined by the three support legs.

An exposure apparatus according to claim 14,
wherein a chamber is provided on said installation
surface to accommodate said exposure apparatus
and one wall surface of said chamber is substan-
tially parallel to said one side of the triangle along
which said substrate-conveying apparatus is dis-
posed.

10

15

20

25

30

35

40

45

50

55

11

16. A method for supporting an illumination optical sys-

tem used in an exposure apparatus relative to an
installation surface for said exposure apparatus,
said illumination optical system having a central ax-
is, comprising:

supporting a support mechanism at only three
points by three support legs, said support
mechanism being adapted to support said illu-
mination optical system and said three support
legs being supported on said installation sur-
face; and

disposing said illumination optical system at a
position such that as viewed in a vertical direc-
tion relative to said installation surface, said
central axis of the illumination optical system is
substantially coincident with a straight line
drawn from one vertex of a triangle determined
by said three support legs toward the middle
point in one side of the triangle, said one side
of the triangle being opposite said one vertex.

17. A method according to claim 16, wherein said illu-

mination optical system is disposed at a position
such that the illumination optical system extends
from a central portion of said triangle across said
one side of the triangle.

18. An exposure method comprising:

providing a mask stage adapted to move while
holding a mask thereon, said mask having a
pattern;

providing a substrate stage adapted to move
while holding a substrate thereon, said sub-
strate being positioned to have formed thereon
an image of said pattern; and

moving said mask stage and said substrate
stage synchronously in predetermined scan-
ning directions, to thereby transfer said pattern
on the mask to said substrate,

wherein a support mechanism adapted to sup-
port said mask stage and said substrate stage
is supported at only three points by three sup-
port legs, said three support legs being support-
ed on an installation surface for said exposure
apparatus and said mask stage and said sub-
strate stage are disposed in a manner such that
as viewed in a vertical direction relative to said
installation surface, said scanning directions of
the mask stage and the substrate stage are
substantially parallel to a straight line drawn
from one vertex of a triangle determined by said
three support legs toward the middle point in
one side of the triangle, said one side of the tri-
angle being opposite said one vertex.

19. An exposure method accordingto claim 18, wherein
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an illumination optical system having a central axis
is supported by said support mechanism,

said illumination optical system being disposed

in a manner such that as viewed in a vertical &
direction relative to said installation surface,
said central axis of the illumination optical sys-

tem is substantially coincident with said straight

line drawn from one vertex of said triangle de-
termined by said three support legs toward the 70
middle point in the opposite side of the triangle,

and

exposure light for transferring said pattern of

the mask to said substrate is emitted from said
illumination optical system. 15
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